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Respiratory syncytial virus (RSV) is a leading cause of respiratory 
disease in infants, young children, immunocompromised patients, and the 
institutionalized elderly. Previous work had shown that RNase 
L, an antiviral enzyme of the interferon system, could be 
recruited to cleave RSV genomic RNA by attaching tetrameric 2prime prime 
or minute-5prime prime or minute-linked oligoadenylates (2-5A) to an 
oligonucleotide complementary to repetitive gene-start sequences within 
the RSV genome (2-5A antisense) . A 2prime prime or 

minute-O-methyl RNA-modified analog of the lead 2-5A anti-RSV chimera is 
shown here to have enhanced antiviral activity in cell culture studies 
while also cleaving RSV genomic RNA in an RNase L- and 

sequence-specific manner. When administered intranasally to RSV-infected 
African green monkeys, this chimera reduced nasal RSV replication by up 
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Methods are provided for inhibiting infection by RNA viruses with 
complexes of an activator of RNase L and an 
oligonucleotide that is capable of binding to the genome, antigenome or 
mRNAs of a neg. strand RNA virus to specifically cleave the genomic or 
antigenomic RNA strand of the virus. The methods and complexes of the 
invention may be applied to target any neg. strand RNA virus. In one 
embodiment, the invention provides a covalently linked complex of an 
oligonucleotide that is capable of binding to the genomic or antigenomic 
template RNA strand of a neg. strand RNA virus and/or binding to an mRNA 
of a viral protein (an "antisense oligonucleotide") coupled to 
an activator of RNase L. In a preferred embodiment, 

the oligonucleotide component of the complex is complementary to a region 
of the viral genomic RNA strand characterized by repeated or consensus 
sequences. 
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(?AS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Chimeric molecules comprising a virus targeting antisense 

oligonucleotide moiety attached to an activator of 2- 
5 A- dependent HNase. 
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AB The present invention relates to chimeric molecules comprising an 

oligonucleotide complementary to a region of the ribonucleotide 
component of telomerase attached to an activator of RNase 
L ( "activator-antisense complex 1 ') which specifically 

cleaves the ribonucleotide portion of a telomerase enzyme. The present 
invention relates to methods of inhibiting telomerase enzymatic 

activity 

with activator-antisense complexes targeted to the RNA 
component of telomerase. The present invention further relates to 
methods of treating malignant neoplastic disease, wherein the malignant 
cells contain a telomerase activity that is necessary for the growth of 
the malignant cells. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention provides an improved method for the delivery and 

stabilization of antisense oligodeoxynucleotides (ODNs) to cells. The 
unmodified ODNs are complexed to a polynuclear platinum compound or to 

a 

structural derivative thereof. Complexation neutralizes the charge of 
the ODN and makes possible its passage into the cell, without the 
addition of other transfection agents. The invention may be used in the 
treatment any disease which is amenable to treatment by antisense ODNs. 
In addition, the invention provides a new method specifically for the 
treatment of cancer . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB Interferon alpha (IFNalpha) belongs to a cytokine family that exhibits 
antiviral properties, immuno-modulating effects, and antiproliferative 
activity on normal and neoplasic cells in vitro and in vivo. IFNalpha 
exerts antitumor action by inducing direct cytotoxicity against tumor 
cells. This toxicity is at least partly due to induction of apoptosis . 
Although the molecular basis of the inhibition of cell growth by IFNalpha 
is only partially understood, there is a direct correlation between the 
sensitivity of cells to the antiproliferative action of IFNalpha and the 
down-regulation of their mitochondrial mRNAs. Here, we studied the role 



of 



the 2-5A/RNase L system and its inhibitor RLI in this 

regulation of the mitochondrial mRNAs by IFNalpha. We found that a 

fraction of cellular RNase L and RLI is localized in 

the mitochondria. Thus, we down-regulated RNase L 

activity in human H9 cells by stably transfecting (i) RNase 

L antisense cDNA or (ii) RLI sense cDNA constructions. 

In contrast to control cells, no post-transcriptional down- regulation of 
mitochondrial mRNAs and no cell growth inhibition were observed after 
IFNalpha treatment in these transf ectants . These results demonstrate that 
IFNalpha exerts its antiproliferative effect on H9 cells at least in part 
via the degradation of mitochondrial mRNAs by RNase L . 
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This review describes the application of a natural defense mechanism to 
develop effective agents for the post-transcriptional control of gene 
expression. 2-5A is a unique 2 ' , 5 1 -phosphodiester bond linked 
oligoadenylate, (pp) p5 ' A2 ' (p5 ' A) (n) , that is elaborated in virus-infected 
interferon-treated cells. The 2-5A system is an RNA degradation pathway 
that is an important mechanistic component of interferon's action against 
certain viruses. It may also play a role in the anticellular effects of 
interferon and in general RNA decay. A major player in . the 2-5A-system is 
the latent and constitutive 2-5A-dependent ribonuclease (RNase 
L) which upon activation by 2-5A, degrades RNA. This RNase 
L enzyme can be recruited for antisense therapeutics by 
linking it to an appropriate oligonucleotide targeted to a chosen RNA. 
Syntheses of 2-5A, its analogues, 2 -5A- anti sense, and its 
modifications are detailed herein. Applications of 2 -5A- antisense 
to particular targets such as HIV, PKR, chronic myelogenous leukemia, 
telomerase, and respiratory syncytical virus are described. 
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Bladder cancer is the most common malignant tumor of the urinary tract. 
Novel treatment approaches are essential because of the failure of 
current 

treatment options to cure a high percentage of patients. Telomerase, a 
ribonucleoprotein, is detected in almost all bladder cancer, but not in 
normal bladder tissues. Therefore, telomerase is expected to be a very 
promising candidate for targeted therapy of bladder cancer. In this 
study, 

we synthesized a 19-mer antisense oligonucleotide against the 
RNA component of human telomerase (hTR) linked to a 2-5A molecule 



AUTHOR : 

CORPORATE SOURCE 

SOURCE : 

PUB . COUNTRY : 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



(2-5A-anti-hTR) and investigated its antitumor effect against bladder 
cancer cells. The 2-5A antisense strategy relies on the 
recruitment and activation of RNase L at the site of 
targeted RNA sequence. Here we demonstrate that treatment with 
2-5A-anti-hTR reduced the viability of seven bladder cancer cell lines 
(UM-UC-2, UM-UC-3, UM-UC-6, UM-UC-9, UM-UC-14, RT4 and T24) expressing 
telomerase activity to 21-55% within 4 days. The cytotoxicity was mainly 
due to induction of caspase-dependent apoptosis. In contrast, normal 
fibroblast WI38 cells lacking telomerase activity were resistant to the 
treatment. Furthermore, treatment of subcutaneous UM-UC-2 tumors in nude 
mice with 2-5A-anti-hTR significantly suppressed the tumor growth through 
induction of apoptosis (P < 0.001). These findings may offer a strong 
support to the feasibility of the 2-5A-anti-hTR treatment for human 
bladder cancer. 
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AB The invention provides antisense oligonucleotides contg. one or 

more degenerate and/or universal bases, and one or more modified backbone 

linkages, and use of these oligonucleotides for cleaving target RNA mols. 

The invention also provides antisense oligonucleotides designed 

to recruit RNase including RNase H, HNase L or RNase 

P, where in at least one of the bases in the RNA targeting region of the 
oligonucleotide are universal and/or degenerate bases. The invention 

also 

provides a method for reducing the deleterious effects of an 
antisense oligonucleotide comprising one or more sequence motifs, 
comprising replacing one or more bases within said one or more sequence 
motifs with one or more universal and/or degenerate bases. 
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Covalent conjugation of a 5 1 -phosphorylated-2 1 , 5 1 -linked oligoadenylate 
(2-5A) moiety to an antisense peptide nucleic acid oligomer 
(PNA) provides a novel chimeric reagent which effects the selective and 
specific cleavage of a selected target RNA. The 2-5A-antisense 
PNA chimeras bind the target RNA with high specificity and affinity, and 
are stable to nucleases. The antisense portion of the chimera 
recruits a chosen RNA as substrate for cleavage, and the 2-5A portion of 
the chimera binds and activates RNase L, thus 

providing a new approach for the targeted ablation of a target mRNA and a 
redn. in expression of the protein which it specifies. The chimeric 

are expected to have utility as research tools and as therapeutic agents. 
Thus, chimeric mols. comprising p5 1 A2 1 p5 1 A2 1 p5 1 A2 1 p5 1 A attached to PNA 
oligoadenylates were synthesized and shown to bind to poly(U) and 



stimulate its degrdn. by RNase L. 
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for the detection of at least one a single stranded oligonucleotide 
produced by the action of an enzyme on a substrate. The assays are 
useful to detect the presence in a sample of an enzyme which acts on an 
oligonucleotide substrate to generate a single stranded oligonucleotide 
product and to detect inhibitors of such an enzyme. 
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The 2 '-5' oligoadenylate/RNase L/RNase L inhibitor pathway 
regulates both MyoD mRNA stability and muscle cell 
differentiation. 
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200007 

Entered STN: 20000810 
Last Updated on STN: 20000810 
Entered Medline: 20000724 
The 2 , -5 ! oligoadenylate (2-5A) /RNase L pathway is one 
of the enzymatic pathways induced by interferon. RNase L 

is a latent endoribonuclease which is activated by 2-5A and inhibited by 

specific protein known as RLI (RNase L inhibitor) . 

This system has an important role in regulating viral infection. 

Additionally, variations in RNase L activity have been 

observed during cell growth and differentiation but the significance of 
the 2-5A/RNase L/RLI pathway in these latter processes 
is not known. To determine the roles of RNase L and 

RLI in muscle differentiation, C2 mouse myoblasts were transfected with 
sense and antisense RLI cDNA constructs. Importantly, the 
overexpression of RLI in C2 cells was associated with diminished 
RNase L activity, an increased level of MyoD mRNA, and 

accelerated kinetics of muscle differentiation. Inversely, transfection 

the RLI antisense construct was associated with increased 
RNase L activity, a diminished level of MyoD mRNA, and 

delayed differentiation. In agreement with these data, MyoD mRNA levels 
were also decreased in C2 cells transfected with an inducible 
RNase L construct. The effect of RNase 

L activity on MyoD mRNA levels was relatively specific because 
expression of several other mRNAs was not altered in C2 transf ectants . 
Therefore, RNase L is directly involved in myoblast 

differentiation, probably through its role in regulating MyoD stability. 
This is the first identification of a potential mRNA target for 
RNase L. 
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2-5A antisense telomerase RNA therapy for intracranial 
malignant gliomas. 
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Malignant gliomas are the most common intracranial tumors and are 
considered incurable. Therefore, exploration of novel therapeutic 
modalities is essential. Telomerase is a ribonucleoprotein enzyme that is 
detected in the vast majority of malignant gliomas but not in normal 
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tissues. We, therefore, hypothesized that telomerase inhibition could be 

very promising approach for the targeted therapy of malignant gliomas. 
Thus, 2-5A (5 1 -phosphorylated 2' -5' -linked oligoadenylate) -linked 
antisense against human telomerase RNA component (2-5A-anti-hTER) 
was investigated for its antitumor effect on an intracranial malignant 
glioma model. 2-5A is a mediator of one pathway of I FN actions by 
activating RNase L, resulting in RNA degradation. By 
linking 2-5A to antisense, RNase L degrades 

the targeted RNA specifically and effectively. Prior to the experiments 
using intracranial tumor models in nude mice, we modified the in vitro 

in vivo treatment modality of 2-5A-anti-hTER using a cationic liposome to 
enhance the effect of 2-5A-anti-hTER . Here we demonstrate that 
2-5A-anti-hTER complexed with a cationic liposome reduced the viability 

five malignant glioma cell lines to 20-43% within 4 days but did not 
influence the viability of cultured astrocytes lacking telomerase. 
Furthermore, treatment of intracranial malignant gliomas in nude mice 

2-5A-anti-hTER was therapeutically effective compared with the control (P 
< 0.01). These findings clearly suggest the therapeutic potentiality of 
2-5A-anti-hTER as a novel approach for the treatment of intracranial 
malignant gliomas. 
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AB Prostate cancer is the most common malignancy of elderly men in the 
United 

States. Since there is no curative treatment for advanced prostate 
cancer, 

exploration of novel modalities of treatment is essential. Telomerase, a 
ribonucleoprotein, is detected in the vast majority of prostate cancer, 
but not in normal or benign prostatic hyperplasia tissues. Thus, 
telomerase is expected to be a very strong candidate for targeted therapy 
of prostate cancer. In this study, we synthesized a 19-mer 
antisense oligonucleotide against the RNA component of human 
telomerase (hTR) linked to a 2-5A molecule (2-5A-anti-hTR) and examined 
its cytotoxic effect on prostate cancer cells. The 2-5A antisense 
strategy relies on the recruitment and activation of RNase 
L at the site of targeted RNA sequence. We here show that 
treatment with 2-5A-anti-hTR in the presence of a cationic liposome 
reduced cell viability of tumor cell lines tested to 9-18% within 6 days. 
In contrast, normal fibroblast cells were resistant to the treatment. Its 
effect was mainly due to induction of apoptosis by activated caspase 
family members. Furthermore, treatment of subcutaneous tumors in nude 

mice 

with 2-5A-anti-hTR significantly suppressed the tumor growth through 
induction of apoptosis (P<0.001). The treatment with 2-5A-anti-hTR may be 



a promising strategy for the treatment modality of prostate cancer with 
telomerase activity. 
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Leiden Institute of Chemistry, Gorlaeus Laboratories, The 
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Fully automated solid-phase synthesis gave access to a hybrid in which 
5 , -phosphorylated-2 I -5' -linked oligoadenylate (2-5A) is connected to the 
5 1 -terminus of DNA which, in turn, is linked at the 3 f -end to PNA 
[2-5A- (5 1 ) -DNA- (3 ' ) -PNA chimera]. This novel antisense molecule 
retains full RNase L activation potency while 
suffering only a slight reduction in binding affinity. 
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Journal 
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Incorporation of a 4-hydroxy-N-acetylprolinol nucleotide analog at the 
3' -terminus of DNA or 2-5A-DNA sequences resulted in a significantly 
enhanced 3 * -exonuclease resistance while the affinity for complementary 
RNA was only slightly decreased. Furthermore, the binding to and 
activation of human RNase L by thus modified 2-5A-DNA conjugates was not 
altered as compared to the parent unmodified 2-5A-DNAS . 
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2-5A antisense directed against telomerase RNA produces 
apoptosis in ovarian cancer cells. 

Kushner D M; Paranjape J M; Bandyopadhyay B; Cramer H; 
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AB OBJECTIVE: RNase L is converted to an active form upon 

binding short 2 1 , 5 ' -oligoadenylates (2-5A) . To direct RNase 
L to an RNA target, 2-5A is attached to an antisense 
oligonucleotide (2-5A antisense) . This chimera can be directed 
against telomerase-an RNA-protein complex that elongates telomeric DNA 

and 

is involved in cellular immortalization. Our objective is to investigate 
the effect of 2-5A antisense by targeting telomerase RNA (hTR) 
in the ovarian cancer cell line, HEY- IB . METHODS: Baseline RNase 
L levels and telomerase activities were measured in both HEY-1B 
and normal ovarian epithelial cells (NOE) . Cells were treated daily with 
chimeric oligonuclotides { ODN) directed against four different hTR sites, 
or control ODNs including nonchimeric antisense, 2-5A fused to a 
mismatched sequence, or inactive 2-5A fused to antisense. At 48 
h, apoptosis was evaluated using the TUNEL assay. After six daily ODN 
administrations, telomerase activity was redetermined, and at 7 days 
viability counts were obtained. RESULTS: Both cell lines expressed 
similar 

levels of RNase L. Hey-IB displayed telomerase 

activity while NOE did not. After 7 days of transf ection, 2-5A 

antisense ODNs caused profound cell death in the HEY-IB cells, but 

not in the NOE cells. This effect was seen regardless of hTR target site, 

and ODN controls showed no significant decrease in cell viability in 

either cell line. HEY1B cells treated with 2-5A antisense 

against hTR showed a decrease in telomerase activity and a profound 
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induction of programmed cell death. CONCLUSIONS: The results suggest that 

2-5A antisense directed against telomerase RNA results in 

apoptotic cell death in ovarian cancer cells, but not normal ovarian 

epithelial cells. The 2-5A antisense strategy may hold a 

considerable advantage over the conventional antisense approach 

in targeting cancer-causing genes. 

Copyright 2000 Academic Press. 
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DOCUMENT TYPE: Conference 
LANGUAGE: English 
SUMMARY LANGUAGE: English 

AB Malignant gliomas are the most common intracranial tumors and are 
considered incurable. Therefore, exploration of novel therapeutic 
modalities is essential. Telomerase is a ribonucleoprotein enzyme that is 
detected in the vast majority of malignant gliomas, but not in normal 
brain tissues. We, therefore, hypothesized that telomerase inhibition . 
could be a very promising approach for the targeted therapy of malignant 
gliomas. Thus, 2-5A ( 5 ' -phosphorylated 2' -5 f -linked 

oligoadenylate) -linked 

antisense against human telomerase RNA component { 2-5A-anti-hTR) 

was investigated for its antitumor effect on an intracranial malignant 

glioma model. 2-5A is a mediator of one pathway of interferon actions by 

activating RNase L, resulting in RNA degradation. By 

linking 2-5A to antisense, RNase L degrades 

the targeted RNA specifically and effectively. Prior to the experiments 
using intracranial tumor models in nude mice, we modified the in vitro 

and 

in vivo treatment modality of 2-5A-anti-hTR using a cationic liposome to 
enhance the effect of 2-5A-anti-hTR. Here we demonstrate that 
2-5A-anti-hTR complexed with a cationic liposome reduced the viability of 
five malignant glioma cell lines to 20 to 43% within 4 days, but did not 
influence the viability of cultured astrocytes lacking telomerase. 
Furthermore, treatment of intracranial malignant gliomas in nude mice 

with 

2-5A-anti-hTR was therapeutically effective compared to the control 
(P<0.01). These findings clearly suggest the therapeutic potentiality of 
2-5A-anti-hTR as a novel approach for the treatment of intracranial 
malignant gliomas. NCI (CA80233) 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The invention concerns a compounds and methods for treating infection 

with Respiratory Syncytial Virus. The compounds comprise an 
antisense portion, which is complementary to a normally single 

stranded portion of the RSV antigenomic strand (the mRNA strand) , a 
linker and a oligonucleotide activator of RNase L, a 

ubiquitous non-specific RNase. The method comprised forming a complex 
an activated RNase L and the antisense 

molecule. The application teaches methods of determining which portions 
of the RSV antigenomic strand are normally single-stranded. The 
application teaches that an antisense oligonucleotide having 
the sequence of residues 8281-8299 of the RSV genome is particularly 
useful to practice the invention and provides in vitro results superior 
to those obtainable with the conventional drug of choice, ribavirin. 
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Methods are provided for inhibiting infection by RNA viruses with 
complexes of an activator of RNase L and an 

oligonucleotide that is capable of binding to the genome, antigenome or 
mRNAs of a neg. strand RNA virus to specifically cleave the genomic or 
antigenomic RNA strand of the virus. The methods and complexes of the 
invention may be applied to target any neg. strand RNA virus. The 
invention in one embodiment relates to a covalently linked complex of an 
oligonucleotide that is capable of binding to the genomic or antigenomic 
template RNA strand of a neg. strand RNA virus and/or binding to an mRNA 
of a viral protein (an "antisense oligonucleotide") coupled to 
an activator of RNase L . In a preferred embodiment, 

the oligonucleotide component of the complex is complementary to a region 
of the viral genomic RNA strand characterized by repeated or consensus 
sequences . 

4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE 



REFERENCE COUNT: 



CAPLUS 



L5 ANSWER 24 OF 74 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE: 



DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



1999:249112 
130:277638 

Construction of a combinatorial antisense 
Riley, Timothy A.; Brown, Bob D.; Arnold, 
Oasis Biosciences, Inc. , USA 
PCT Int. Appl., 71 pp. 
CODEN: PIXXD2 
Patent 
English 
1 



library 
Lyle J. 



TM 



PATENT 


NO. 




KIND 


DATE 






APPLICATION NO. 


WO 


9918238 




Al 


19990415 




WO 1998-US20361 




W: 


AL, 


AM, 


AT, AU, 


AZ, 


BA, 


BB, 


BG, BR, 


BY, 


CA, CH, 






DK, 


EE, 


ES, FI, 


GB, 


GE, 


GH, 


GM, HR, 


HU, 


ID, IL, 






KP, 


KR, 


KZ, LC, 


LK, 


LR, 


LS, 


LT, LU, 


LV, 


MD, MG, 






NO, 


NZ, 


PL, PT, 


RO, 


RU, 


SD, 


SE, SG, 


SI, 


SK, SL, 






UA, 


UG, 


US , US , 


UZ, 


VN, 


YU, 


ZW, AM, 


AZ, 


BY, KG, 




RW: 


GH, 


GM, 


KE, LS, 


MW, 


SD, 


SZ, 


UG, ZW, 


AT, 


BE, CH, 






FI, 


FR, 


GB, GR, 


IE, 


IT, 


LU, 


MC, NL, 


PT, 


SE, BF, 






CM, 


GA, 


GN, GW, 


ML, 


MR, 


NE, 


SN, TD, 


TG 




CA 


2304798 




AA 


19990415 




CA 1998-2304798 


AU 


9895118 




Al 


19990427 




AU 199 


8-95118 


EP 


1019539 




Al 


20000719 




EP 199 


8-94 


8573 




R: 


AT, 


BE, 


CH, DE, 


DK, 


ES, 


FR, 


GB, GR, 


IT, 


LI, LU, 






IE, 


FI 
















JP 


2001519170 


T2 


20011023 




JP 2000-515030 



DATE 



PRIORITY APPLN. INFO. 



AB 



mols 



US 1997-60673P P 
US 1998-136080 A2 
WO 1998-US20361 W 



Combinatorial libraries comprise first oligonucleotide anal 
oligonucleotide analogs which are coupled together to form 

capable of binding target polynucleotides and activating an 
ribozymes capable of cleaving polynucleotides. Thus, a pre 
of oligonucleotide analogs is provided, comprising a set of 
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MK, MN, MW, MX, 
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NL, SE, MC, PT, 

19980928 
19971002 
19980818 
19980928 

ogs and second 
antisense 

RNase, and 
formed library 
first 



oligonucleotide analogs and a set of second oligonucleotide analogs, the 
analogs having coupling moieties that provide for coupling each first 
oligonucleotide analog to a second oligonucleotide analog to form an 
antisense mol . The oligonucleotide analogs are selected to act, when 
coupled, as a substrate for an endonuclease that recognizes 
double-stranded RNA or RNA/DNA hybrids when hybridized to a target 
nucleic 

acid. The binding domains need to be long enough to insure that the 
antisense mol. binds to the target polynucleotide, and is able to recruit 
and/or activate a nuclease. However, the no. of mols. required for a 
complete library exponentially with length of the sequence represented. 
By conceptually sepg. the antisense mols. into two or more pieces, a 
comprehensive antisense library can be prepd. in advance, rather than 
synthesizing a plurality of candidate antisense mols. as needed. The 

size 

of the library needed is reduced by (1) providing the antisense mols. in 
at least two components, by substituting one or more universal or 
degenerate bases for some of the natural bases, and (3) by avoiding 
certain sequences which are predicted to serve as poor antisense mols. by 
reason of poor binding ability. Chem. syntheses are described for 
cleaver 

and/or anchor synthesis-hybridization motifs, and the invention is 
exemplified by the prepn. of oligonucleotides targeted to protein kinase 
C. alpha, or human Bcl-2. 
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Novel transgenic plants having the ability to express a functional 2-5A 
system, i.e., a 2-5A synthetase which produces 5 1 -phosphorylated, 
2 r , 5 '-linked oligoadenylates (2-5A) in response to double stranded RNA 
(dsRNA) , and a 2-5A-dependent (RNase L) , are disclosed. The novel 
transgenic plants expressing the functional 2-5A system, such as novel 
transgenic tobacco plants, are immune to and resistant against viral 
infection. When the novel transgenic tobacco plants are exposed to 

different types of plant viruses, i.e., TMV, TEV and AIMV, such viral 
exposure leads to necrotic local lesions in such transgenic tobacco 



plants instead of typical systemic infections. 
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Isolated 2-5A-dependent RNases, an inter feron-induced enzyme which is 
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RNase 



or 



activated by 5 1 -phosphorylated, 2 ',5' -linked oligoadenylates (2-5A) and 
implicated in both the molecular mechanisms of interferon action and in 
the fundamental control of RNA stability in mammalian cells, and 
encoding sequences therefor are disclosed. The expression cloning and 
analysis of murine and human 2-5A-dependent RNases is also disclosed. 
Recombinant human 2-5A~dependent RNase produced in vitro bound an 
activating affinity matrix, 2-5A-cellulose, resulting in ribonuclease 
activity. The 2-5A binding properties of the recombinant and naturally 
occurring forms of 2-5A-dependent RNase are basically identical. 
Interferon induction of 2-5A-dependent RNase expression is demonstrated 
by measuring the mRNA levels in cells treated with interferon and 
cycloheximide . Analysis of aligned murine and human 2-5A-dependent 

sequences revealed several features, including similarity to RNase E 
which is implicated in the control of mRNA stability in E . coli . A 
duplicated phosphate-binding loop motif is determined by deletion 
analysis and site-directed mutagenesis to function in the binding of 
2-5A. In addition, recombinant nucleotide sequences, recombinant 
vectors, recombinant cells and antiviral plants which express, for 
example, amino acid sequences which have activity that interfere with 

inhibit viral replication are disclosed. 
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Isolated 2-5A-dependent RNases, an inter feron-induced enzyme which is 
activated by 5 1 -phosphorylated, 2 f ,5 ! -linked oligoadenylates (2-5A) and 
implicated in both the molecular mechanisms of interferon action and in 
the fundamental control of RNA stability in mammalian cells, and 
encoding sequences therefor are disclosed. The expression cloning and 
analysis of murine and human 2-5A-dependent RNases is also disclosed. 
Recombinant human 2-5A-dependent RNase produced in vitro bound an 
activating affinity matrix, 2-5A-cellulose, resulting in ribonuclease 
activity. The 2-5A binding properties of the recombinant and naturally 
occurring forms of 2-5A-dependent RNase are basically identical. 
Interferon induction of 2-5A-dependent RNase expression is demonstrated 
by measuring the mRNA levels in cells treated with interferon and 
cycloheximide . Analysis of aligned murine and human 2-5A-dependent 

sequences revealed several features, including similarity to RNase E 
which is implicated in the control of mRNA stability in E. coli. A 
duplicated phosphate-binding loop motif is determined by deletion 
analysis and site-directed mutagenesis to function in the binding of 
2-5A. In addition, recombinant nucleotide sequences, recombinant 
vectors, recombinant cells and antiviral plants which express, for 
example, amino acid sequences which have activity that interfere with 

inhibit viral replication are disclosed. 
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Using fluorescence resonance energy transfer (FRET) for 
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AB 
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The development of a method for measuring the ability of 2-5A analogues 



activate the cleavage of an oligoribonucleotide substrate by RNase L is 
described. This method is based on fluorescence resonance energy 
transfer. 

The method is easily performed with 96-well plates, allowing for 
quantitative high-throughput analyses of 2-5A analogues under different 



reaction conditions. 
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L mediated hydrolysis of target RNA sequences. 
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2 ' , 5 1 -Oligoadenylate (2-5A) antisense chimeric oligonucleotides 
were synthesized containing varying 2 1 -O-methyl-ribonucleotide 
substitution patterns in the antisense domain. The ability of 
these composite oligonucleotides to mediate RNase H- and RNase 
L-catalyzed RNA degradation showed that these two enzymes have 
different activation requirements. 
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Phosphorothioate oligodeoxyribonucleotides inhibit 
ribonuclease L thereby disabling a mechanism of 
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DOCUMENT TYPE: Journal 
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AB The interferon system is an important early defense against virus 

infections. Phosphorothioate oligodeoxyribonucleotides were found to be 
inhibitors of the 2-5A-dependent RNase L. Inhibitory potency depended 
upon the chain length of the phosphorothioate oligonucleotide and was 
dependent on the phosphorothioate substitution pattern, but was not 
substantially base-dependent. 
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AB To potentiate the 2-5A (2 ' , 5 ' -oligoadenylate) -antisense and 

peptide nucleic acid (PNA) approaches to regulation of gene expression, 
composite molecules were generated containing both 2-5A and PNA moieties. 
2-5A-PNA adducts were synthesized using solid-phase techniques. Highly 
cross-linked polystyrene beads were functionalized with glycine tethered 
through a p-hydroxymethylbenzoic acid linker and the PNA domain of the 
chimeric oligonucleotide analogue was added by sequential elongation of 
the amino terminus with the monomethoxytrityl protected 

N- (2-aminoethyl) -N- (adenin-l-ylacetyl) glycinate. Transition to the 2-5A 
domain was accomplished by coupling of the PNA chain to dimethoxytrityl 
protected N- ( 2-hydroxyethyl ) -N- (adenin-l-ylacetyl ) glycinate . Finally, 
(2-cyanoethyl) -N, N-diisopropyl-4-O- (4, 4-dimethoxytrityl ) butylphosphor 
amidite and the corresponding (2-cyanoethyl ) -N, N- 

diisopropylphosphoramidite of 5-0- (4,4' -dimethoxytrityl ) -3-0- (tert- 
butyldimethylsilyl) -N6-benzoyladeno sine were the synthons employed to 



add 



the 2 butanediol phosphate linkers and the four 2', 5* -linked 
riboadenylates. The 5 '-phosphate moiety was introduced with 
2- [ [2- (4, 4 ! -dimethoxytrityloxy) ethyl] sulfonyl] ethyl- (2-cyanoethyl) 
-N,N-diisopropylphosphoramidite. Deprotection with methanolic NH3 and 
tetraethylammonium fluoride afforded the desired products, 2-SA-pnaA4, 
2-5A-pnaA8 and 2-5A-pnaA12. When evaluated for their ability to cause the 
degradation of two different RNA substrates by the 2-5A 
-dependent RNase L, these new 2-5A-PNA 

conjugates were found to be potent RNase L activators. 
The union of 2-5A and PNA presents fresh opportunities to explore the 
biological and therapeutic implications of these unique approaches to 
antisense . 
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2 ' , 5 1 -oligoadenylate-antisense chimeras as 
experimental therapeutic agents for cancer and viral 
infections 
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(1999), 9(4) 
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AB A review with 23 refs. of recent progress in a strategy that harnesses 
RNase L (2-5A-dependent RNase) for the purpose of selectively degrading 
RNA mols. of choice in vivo. 
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RNase L inhibitor is induced during human immunodeficiency 
virus type 1 infection and down regulates the 2-5A/RNase L 
pathway in human T cells. 
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The interferon- regulated 2-5A/RNase L pathway plays a 

major role in the antiviral and antiproliferative activities of these 
cytokines. Several viruses, however, have evolved strategies to escape 

antiviral activity of the 2-5A/RNase L pathway. In 
this context, we have cloned a cDNA coding for the RNase 
L inhibitor (RLI), a protein that specifically inhibits 
RNase L and whose regulated expression in 

picornavirus-inf ected cells down regulates the activity of the 2-5A/ 

RNase L pathway. We show here that RLI increases during 

the course of human immunodeficiency virus type 1 (HIV-1) infection, 



SOURCE: 

PUB. COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
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ENTRY DATE: 



AB 



which 



may be related to the downregulation of RNase L 

activity that has been described to occur in HIV-infected cells. In order 
to establish a possible causal relationship between these observations, 



have stably transfected H9 cells with RLI sense or antisense 



cDNA-expressing vectors. The overexpression of RLI causes a decrease in 
RNase L activity and a twofold enhancement of HIV 

production. This increase in HIV replication correlates with an increase 
in HIV RNA and proteins. In contrast, reduction of RLI levels in RLI 
antisense cDNA-exp res sing clones reverses the inhibition of 
RNase L activity associated with HIV multiplication and 

leads to a threefold decrease in the viral load. This anti-HIV activity 
correlated with a decrease in HIV RNA and proteins. These findings 
demonstrate that the level of RLI, via its modulation of RNase 
L activity, can severely impair HIV replication and suggest the 
involvement of RLI in the inhibition of the 2-5A/RNase L 
system observed during HIV infection. 
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Controlling gene expression with 2-5A antisense. 
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Recent work has demonstrated that the activity of a ubiquitous cellular 
enzyme, ribonuclease L (RNase L) , 

can be harnessed to cleave targeted RNA species. Activation of 
RNase L is dependent on the presence of 2 T , 5 '-linked 

oligoadenylates (2-5A) , usually produced by cells infected with viruses. 
By conjugating synthetic 2-5A to specific antisense compounds, 
it is now possible to selectively degrade RNAs in an RNase 
Independent manner, thereby providing an alternative to RNase 
H-dependent approaches. In this summary, we provide an updated 
description 

of the synthesis procedure for constructing these chimeric 2-5A 

antisense molecules. Examples of successful applications of the 

2-5A antisense strategy are described, along with some of the 

procedures involved in those studies. Several methods are also provided 

for optimizing compound uptake and analyzing their effects on cells. 

Finally, we discuss the current body of evidence that supports the 

contention that RNase L is indeed the primary mediator 

of 2-5A antisense effects and the possible implications that 

this has on the future of this therapeutic approach. 

Copyright 1999 Academic Press. 
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Evidence for IRF-l-dependent gene expression deficiency 
interferon unresponsive HepG2 cells. 
Tnani M; Bayard B A 
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Induction of the antiproliferative and antiviral state by IFNs (type I 
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AB 
and 



II) is dramatically impaired in HepG2 cells. We show here that 
RNase L, IDO, GBP-2 and iNOS genes normally expressed as 

a secondary response to I FN are no longer inducible in HepG2 cells, while 
induction of primary response genes (IRF-1, PKR, p48-ISGF3gamma, 2-5AS, 
6-16 and p56- ( trp) tRNA) are unaffected. On the basis of previous data 
implicating transcription factor IRF-1 in the induction of some 
IFN-induced genes, we tested the effects of transfecting an IRF-1 
oligonucleotide antisense in HeLa cells and found specifically 
impaired IFN induction of secondary response genes (RNase 
L, IDO and GBP-2) . This raised the possibility that IRF-1 was 
defective in HepG2 cells. However, some molecular and biochemical 
analyses 

reveal that IRF-1 is induced normally by IFNs and retains its normal 

size, 

cellular location, phosphorylation status and ability to bind the IDO 
promoter in vitro. Therefore, we conclude that although the primary 
response pathway is fully functional, some aspects of the secondary 
pathway involving IRF-1 (but not IRF-1 itself) are defective in HepG2 
cells. It may be possible that the promoter region of these deficient 
HepG2-genes requires an unidentified transcription factor in addition to 
de novo IRF-1, which could be elicited by a cooperative activator. 



L5 ANSWER 37 OF 7 4 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



INVENTOR (S) : 
PATENT ASSIGNEE (S) 



SOURCE : 



CAPLUS COPYRIGHT 2002 ACS 
1998:709089 CAPLUS 
129:326087 

RNase L activators linked to 
antisense oligonucleotides for effective 

treatment of telomerase-expressing malignancies 
Silverman, Robert H.; Kondo, Seiji; Cowell, John K. 
Li, Guiying; Torrence, Paul F. 

The Cleveland Clinic Foundation, USA; National 
Institutes of Health 



DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



PCT Int. Appl. 

CODEN: PIXXD2 

Patent 

English 

1 



81 pp. 



PATENT NO. 




KIND 


DATE 






APPLICATION NO. 


DATE 






WO 


9847911 




Al 


1998 


1029 




WO 1998-US7397 


19980413 








W: AL, 


AM, 


AU, AZ, 


BA, 


BB, 


BG, 


BR, BY, CA, CN, CU, 


CZ, EE, 


GE, 


GH, 




GW, 


HU, 


ID, IL, 


IS, 


JP, 


KG, 


KP, KR, KZ, LC, LK, 


LR, LT, 


LV, 


MD, 




MG, 


MK, 


MN, MX, 


NO, 


NZ, 


PL, 


RO, RU, SG, SI, SK, 


SL, TJ, 


TM, 


TR, 




TT, 


UA, 


UZ, VN, 


YU, 


AM, 


AZ, 


BY, KG, KZ, MD, RU, 


TJ, TM 








RW: GH, 


GM, 


KE, LS, 


MW, 


SD, 


SZ, 


UG, ZW, AT, BE, CH, 


CY, DE, 


DK, 


ES, 




FI, 


FR, 


GB, GR, 


IF , 


IT, 


LU, 


MC, NL, PT, SE, BF, 


BJ, CF, 


CG, 


CI, 




CM, 


GA, 


GN, ML, 


MR, 


NE, 


SN, 


TD, TG 








US 


2001007902 


Al 


20010712 




US 1998-18125 


19980203 






AU 


9871135 




Al 


19981113 




AU 1998-71135 


19980413 






EP 


975649 




Al 


20000202 




EP 1998-918160 


19980413 








R: AT, 


BE, 


CH, DE, 


DK, 


ES, 


FR, 


GB, GR, IT, LI, LU, 


NL, SE, 


MC, 


PT, 




IE, 


FI 


















JP 


2001524100 


T2 


20011127 




JP 1998-546125 


19980413 






PRIORITY 


APPLN. 


INFO, 










US 1997-44507P P 


19970421 







US 1998-18125 A 19980203 
WO 1998-US7397 W 19980413 
AB The present invention relates to chimeric mols. comprising an 

oligonucleotide complementary to a region of the ribonucleotide component 
of telomerase attached to an activator of RNase L 
( "activator-antisense complex") which specifically cleaves the 
ribonucleotide portion of a telomerase enzyme. The activator moiety 
comprises a 2* -5 '-linked oligoadenylate . The present invention relates 

to 

methods of inhibiting telomerase enzymic activity with activator- 
antisense complexes targeted to the RNA component of telomerase. 
The present invention further relates to methods of treating malignant 
neoplastic disease, wherein the malignant cells contain a telomerase 
activity that is necessary for the growth of the malignant cells. Thus, 
Sp5 , A(2'p5 , A)3-Bu2-5 , -GCGCGGGGAGCAA^GCAC3 ? -3 , T5' (where Bu2 is a 
bis-1, 4-butanediol phosphodiester linker) is effective in the treatment 

of 

a variety of tumors, particularly in combination with a chemotherapeutic 
agent such as cisplatin. 



L5 ANSWER 38 OF 74 
ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 



US PAT FULL 

1998 : 122542 US PAT FULL 

C-myb ribozymes having 2 '-5 '-linked adenylate residues 
Stinchcomb, Dan T., 7203 Old Post Rd. , Boulder, CO, 
United States 80301 

Draper, Kenneth, 4619 Cloud Ct . , Boulder, CO, United 
States 80301 

McSwiggen, James, 4866 Franklin Dr., Boulder, CO, 
United States 80301 

Jarvis, Thale, 3720 Smuggler PI., Boulder, CO, United 
States 80301 



NUMBER KIND DATE 



PATENT INFORMATION: US 5817796 19981006 

APPLICATION INFO. : US 1995-435628 19950505 (8) 

RELATED APPLN. INFO.: Division of Ser. No. US 1995-373124, filed on 13 Jan 

1995, now patented, Pa,t. No. US 5646042 And a 
continuation-in-part of Ser. No. US 1992-987132, filed 
on 7 Dec 1992, now abandoned Ser. No. Ser. No. US 
1994-245466, filed on 18 May 1994, now abandoned And 
Ser. No. US 1994-192943, filed on 7 Feb 1994 which is 

a 

continuation of Ser. No. US 1992-936422, filed on 26 
Aug 1992, now abandoned 
Utility 
Granted 

LeGuyader, John L. 
Lyon & Lyon LLP 
3 
1 

21 Drawing Figure (s) 
16761 

INDEXING IS AVAILABLE FOR THIS PATENT. 

Enzymatic nucleic acid molecules which cleave c-myb RNA or other RNAs 



DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL REPRESENTATIVE 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 
CAS 
AB 



24 Drawing Page(s) 



associated with restenosis or cancer. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L5 ANSWER 39 OF 74 MEDLINE DUPLICATE 23 

ACCESSION NUMBER: 1998338009 MEDLINE 
DOCUMENT NUMBER: 98338009 PubMed ID: 9671772 

TITLE: Potent inhibition of respiratory syncytial virus 

replication using a 2-5A-antisense chimera targeted to 
signals within the virus genomic RNA. 

AUTHOR: Player M R; Barnard D L; Torrence P F 



CORPORATE SOURCE: 



• and 



CONTRACT NUMBER; 
SOURCE : 



PUB * COUNTRY: 

LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



Section on Biomedical Chemistry, Laboratory of Medicinal 
Chemistry, National Institute of Diabetes and Digestive 

Bethesda, 



Kidney Diseases, National Institutes of Health, 
MD 20892-0805, USA. 
N01-AI35178 (NIAID) 

PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES OF THE 
UNITED STATES OF AMERICA, (1998 Jul 21) 95 (15) 8874-9. 
Journal code: PV3; 7505876. ISSN: 0027-8424. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199808 

Entered STN: 19980828 
Last Updated on STN: 19980828 
Entered Medline: 19980820 
The 2-5A system is a recognized mechanistic component of the antiviral 
action of interferon. Interf eron-induced 2-5A synthetase generates 2-5A, 
which, in turn, activates the latent constitutive RNase 
L that degrades viral RNA. Chemical conjugation of 2-5A to an 
antisense oligonucleotide can target the 2-5A- 
dependent RNase L to the antisense 

-specified RNA and effect its selective destruction. Such a 2-5A- 
antisense chimera (NIH351) has been developed that targets a 
consensus sequence within the respiratory syncytial virus (RSV) genomic 
RNA. NIH351 was 50- to 90-fold more potent against RSV strain A2 than was 
ribavirin, the presently approved drug for clinical management of RSV 
infection. It was similarly active against a variety of RSV strains of 
both A and B subgroups and possessed a cell culture selectivity index 
comparable to ribavirin. In addition, the anti-RSV activity of NIH351 was 
shown to be virus-specific and a result of a true antisense 
effect, because a scrambled nucleotide sequence in the antisense 
domain of NIH351 caused a significant decrease in antiviral activity. The 
2-5A system's RNase L was implicated in the mechanism 

of action of NIH351 because a congener with a disabled 2-5A moiety was of 
greatly reduced anti-RSV effectiveness. These findings represent an 
innovative approach to the control of RSV replication. 
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2 1 , 5 1 -Oligoadenylate-antisense chimeras cause 
RNase L to selectively degrade bcr/abl 

mRNA in chronic myelogenous leukemia cells. 
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We report an RNA targeting strategy, which selectively degrades bcr/abl 
mRNA in chronic myelogenous leukemia (CML) cells. A 2 1 , 5 ! -tetraadenylate 
activator (2-5A) of RNase L was chemically linked to 
oligonucleotide antisense directed against either the fusion 
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FILE SEGMENT: 
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AB 



the 



had 



site or against the translation start sequence in bcr/abl mRNA. Selective 
degradation of the targeted RNA sequences was demonstrated in assays with 
purified RNase L and decreases of p210 (bcr/abl) kinase 

activity levels were obtained in the CML cell line, K562. Furthermore, 

2 -5A- antisense chimeras suppressed growth of K562, while having 
substantially reduced effects on the promyelocytic leukemia cell line, 
HL60. Findings were extended to primary CML cells isolated from bone 
marrow of patients. The 2-5A-antisense treatments both 

suppressed proliferation of the leukemia cells and selectively depleted 
levels of bcr/abl mRNA without affecting levels of beta-actin mRNA, 
determined by reverse transcriptase-polymerase chain reaction (RT-PCR) . 
The specificity of this approach was further shown with control 
oligonucleotides, such as chimeras containing an inactive dimeric form of 
2-5A, antisense lacking 2-5A, or chimeras with altered sequences 
including several mismatched nucleotides. The control oligonucleotides 

either reduced or no effect on CML cell growth and bcr/abl mRNA levels. 

These findings show that CML cell growth can be selectively suppressed by 

targeting bcr/abl mRNA with 2 -5A- antisense for decay by 

RNase L and suggest that these compounds should be 

further explored for their potential as ex vivo purging agents of 

autologous hematopoietic stem cell transplants from CML patients. 
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AB Telomerase is the RNA-protein complex which elongates telomeric DNA 
(TTAGGG)n and appears to play an important role in cellular 
immortalization. The almost exclusive expression of telomerase in tumor 
cells, and not in most normal cells, offers an exciting opportunity for 
therapy by inhibiting its function. Here, we have investigated the effect 
of inhibition of telomerase on the growth and survival of human malignant 
glioma cells in vitro and in vivo by using a 19-mer antisense 
oligonucleotide against human telomerase RNA linked to a 
2',5'-oligoadenylate (2-5A) . 2-5A antisense functions by 
activating the endoribonuclease, RNase L, resulting in 

the degradation of single stranded, targeted RNA. We have shown that the 

2-5A antisense treatment effectively suppressed tumor cell 

growth and survival in vitro. Furthermore, treatment of tumors grown in 

nude mice with the antisense oligonucleotide inhibited survival 

of the tumor cells. TUNEL assays suggest that this effect is mediated 

through the induction of apoptosis. Targeting telomerase RNA with 2-5A 

antisense, therefore, may represent an effective and novel 

approach for treatment of a broad range of cancers. 
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A new modification of 2-5A-antisense, 2-5A-iso-antisense 

, has been developed based on a reversal of the direction of the polarity 
of the antisense domain of a 2-5A-antisense composite 

nucleic acid. This modification was able to anneal with its target RNA as 
well as the parental 2 -5A- antisense chimera. The 2-5A-iso- 
antisense oligonucleotide displayed enhanced resistance to 
degradation by 3 ' -exonuclease enzyme activity such as that represented by 
snake venom phosphodiesterase and by that found in human serum. 2-5A-Iso- 
antisense was able to effect the degradation of a synthetic 
nontargeted substrate, [5 1 -32P] pCHU2C7, and two targeted RNAs, PKR and 
BCR mRNAs, in a cell- free system containing purified recombinant human 
2-5A-dependent RNase L • 

These results demonstrated that the novel structural modification 
represented by 2-5A-iso-antisense provided a stabilized 
biologically active formulation of the 2 -5A- antisense strategy. 
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Journal 
English 

RNase L, a key enzyme in the anti-viral activity of interferons, requires 
activation by 2 f , 5 1 -linked oligoadenylates (2-5A) to cleave viral and 
cellular single-stranded RNA. Here we demonstrate that 2-5A causes 
formation of stable dimers of RNase L in intact human cells as measured 
with a mammalian two-hybrid system. Hybrid proteins consisting of the 
GAL 4 DNA binding domain fused to RNase L and the VP16 transactivation 
domain fused to RNase L were able to assoc. and drive transcription of a 
reporter gene, but only after cells were transfected with 2-5A. Several 
functional forms of 2-5A, such as p3A2 » p5 1 A2 1 p5 1 A, were capable of 
activating transcription in human HeLa cells. In contrast, p3A2'p5'A, 
which can neither activate nor dimerize RNase L, did not induce gene 
expression. Evidence for the involvement of the C-terminal region of 
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RNase L in dimerization was obtained by expressing truncated forms of 
RNase L. These findings describe a convenient, high-throughput screening 
method for RNase L activators which could lead to the discovery of novel 
anti-viral and anti-cancer agents. 
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RNase L by 2 1 ,5' -linked oligoadenylates 
of the antiviral pathways of interferon action. To 



Activation of 
(2-5A) is one 
determine 

the involvement of the 2-5A system in the control of human 
immunodeficiency virus type 1 (HIV-1) replication, a segment of the HIV-1 
nef gene was replaced with human RNase L cDNA. HIV-1 
provirus containing sense orientation RNase L cDNA 
caused increased expression of RNase L and 500- to 

1,000-fold inhibition of virus replication in Jurkat cells for a period 



of 



about 2 weeks. Subsequently, a partial deletion of the RNase 

L cDNA which coincided with increases in virus production 

occurred. The anti-HIV activity of RNase L correlated 

with decreases in HIV-1 RNA and with an acceleration in cell death 

accompanied by DNA fragmentation. Replication of HIV-1 encoding 

RNase L was also transiently suppressed in peripheral 

blood lymphocytes (PBL) . In contrast, recombinant HIV containing reverse 
orientation RNase L cDNA caused decreased levels of 
RNase L, increases in HIV yields, and reductions in the 

anti-HIV effect of alpha interferon in PBL and in Jurkat cells. To obtain 
constitutive and continuous expression of RNase L 

cDNA, Jurkat cells were cotransf ected with HIV-1 proviral DNA and with 
plasmid containing a cytomegalovirus promoter driving expression of 
RNase L cDNA. The RNase L plasmid 

suppressed HIV-1 replication by eightfold, while an an ti sense 
RNase L construct enhanced virus production by twofold. 
These findings demonstrate that RNase L can severely 

impair HIV replication and suggest involvement of the 2-5A system in the 
anti-HIV effect of alpha interferon. 
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AB Antisense oligonucleotides (ON) allow the specific control of 

gene expression and phosphorothioate derivatives are currently being 
evaluated for possible clinical applications. Numerous second generation 
ON analogues with improved pharmacological properties have been 
described. 

Most of them, however, do not recruit RNase H, which is known to increase 
ON potency by eliciting the specific degradation of the target RNA. 
Silverman, Torrence and colleagues have conjugated 2,5A to natural 
antisense ON and demonstrated the preferential cleavage of a 
target RNA in cell-free and intact cell experiments. We have established 
for the first time that RNase H- incompetent ON, viz. alpha-anomeric ON 
analogues, can be converted into sequence-specific nucleases upon 
conjugation to 2,5A. The use of alpha-ON- and beta-ON-2,5A chimeras has 
allowed us to delineate the part played by RNase H and RNase 
L in target RNA degradation and translation arrest. Finally, the 
present studies have revealed limitations which are encountered in the 
choice of a suitable target for such ON-2,5A chimeras. 
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AB The interferon- ( IFN) -inducible 2 ' , 5 T -oligoadenylate (2- 
5A) /endoribonuclease L (RNase L) pathway plays a major 
role in the antiviral and antiproliferative effects of IFN . The 2-5A/ 
RNase L pathway appears to be regulated by the 

cell-growth status or viral infection. Viruses, and picornaviruses in 
particular, have evolved strategies to escape the 2-5A/RNase 
L-pathway-associated antiviral activity. We have recently cloned a 
cDNA coding for RLI, a RNase-L- specif ic protein 

inhibitor. Its regulated expression by viral infection could provide a 



new 



strategy to modulate the 2-5A/RNase L pathway. Since 
RNase L had been shown to be down regulated upon 

encephalomyocarditis (EMCV) infection, we stably transfected HeLa cells 
with a RLI antisense cDNA expressing vector. Four independent 
clones named VAS1, VAS2, VAS3 and VAS4 and one clone transfected with the 
empty vector (W) as control, were analyzed. The level of RLI was 
decreased by 20% for VAS1, 25% for VAS2, 75% for VAS3 and 50% for VAS4. 
The inactivation of RNase L observed during EMCV 



cells . 



infection was decreased in these clones as compared to control HeLa 

Here again the results vary between the four clones. The maximum 
inhibition of RNase L (90%) was observed in control 

cells and in VAS1 while 48% inhibition was observed in VAS4 and 25% in 
VAS3. The reversal in RNase L inhibition thus reflects 

closely the resulting RLI level, in keeping with a major role of RLI in 
EMCV-induced down regulation of 2-5A-binding activity of RNase 
L. Moreover, cells expressing a low level of RLI (VAS3 and VAS 4) 
are partially resistant to EMCV infection. 
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Ribonuclease L, a 2-5A-dependent enzyme: purification to 
homogeneity and assays for 2-5A binding and catalytic 
activity. 
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RNase L is a latent endonuclease found in reptiles, 

birds, and mammals. It is activated by the 2 1 , 5 * -phosphodiester-linked 
oligoadenylates called 2-5A and has been implicated in the mechanism of. 
action of interferon, as well as in a variety of other biological 
phenomena such as apoptosis. Covalent linkage of 2-5A to antisense 
oligonucleotides permits recruitment of RNase L for 
enhancement of antisense action. The purification of 
RNase L described herein and the assays for its 

detection and activation will help to provide further mechanistic details 
on how this unique nuclease functions and what its biochemical roles may 
be. In addition, such assays will facilitate the screening of 2-5A- 
antisense congeners for exploration of the potential therapeutic 
applications of RNase L. 
Copyright 1998 Academic Press. 
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AB In an attempt to develop a lead for the application of 2-5A- 

antisense to the targeted destruction of human immunodeficiency 
virus (HIV) RNA, specific target sequences within the HIV mRNAs were 
identified by analysis of the theoretical secondary structure. 2-5A- 
antisense chimeras were chosen against a total of 11 different 
sequences: three in the gag mRNA, three in the rev mRNA and five in the 
tat mRNA. 2 -5A- antisense chimera synthesis was accomplished 
using solid-phase phosphoramidite chemistry. These chimeras were 

evaluated 

for their activity in a cell-free assay system using purified recombinant 
human RNase L to effect cleavage of 32P-labelled RNA 

transcripts of plasmids derived from HIV NL4-3. This screening revealed 
that of the three 2-5A-antisense chimeras targeted against gag 
mRNA, only one had significant HIV RNA cleavage activity, approximately 
10-f old-reduced compared to the parent 2-5A tetramer and comparable to 
that reported for the prototypical 2-5A-anti-PKR chimera, targeted 
against 

PKR mRNA. The cleavage activity of this chimera was specific, since a 
scrambled antisense domain chimera and a chimera without the key 
5 1 -monophosphate moiety were both inactive. The 10 other 2-5A- 
antisense chimeras against tat and rev had significantly less 
activity. These results imply that HIV gag RNA, like PKR RNA and a model 
HIV tat-oligoA-vif RNA, can be cleaved using the 2 -5A- antisense 
approach. The results further imply that not all regions of a potential 
RNA target are accessible to the 2 -5A- antisense approach. 
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AB The invention concerns 
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compds . and methods for treating infection with 



Respiratory Syncytial Virus. The compds . comprise an antisense 
portion, which is complementary to a normally single stranded portion of 
the RSV antigenomic strand (the mRNA strand), a linker, and an 
oligonucleotide activator of RNase L, a ubiquitous 
non-specific RNase. The method comprises forming a complex of an 
activated RNase L and the antisense mol . 

The application teaches methods of detg. which portions of the RSV 
antigenomic strand are normally single-stranded. The application teaches 
that an antisense oligonucleotide having the sequence of 
residues 8281-8299 of the RSV genome is particularly useful to practice 
the invention and provides in vitro results superior to those obtainable 
with the conventional drug of choice, ribavirin. 



L5 ANSWER 50 OF 74 
ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 



PATENT ASSIGNEE { S ) 



US PAT FULL 

97:94222 US PAT FULL 

Method of cleaving specific strands of RNA and medical 
treatments thereby 

Torrence, Paul, Silver Spring, MD, United States 

Silverman, Robert, Shaker Heights, OH, United States 

Maitra, Ratan, Euclid, OH, United States 

Lesiak, Krystyna, Gaithersburg, MD, United States 

The Cleveland Clinic Foundation, Cleveland, OH, United 

States (U.S. corporation) 

The United States of America, Washington, DC, United 
States (U.S. government) 



NUMBER 



KIND 



DATE 



PATENT INFORMATION: 
APPLICATION INFO. : 
RELATED APPLN. INFO. 



US 5677289 

US 1995-458050 

Continuation of Ser. 



No 



19971014 
19950601 (8) 
, US 1993-123449, 



filed on 17 



US 5583032 which is a 
US 1992-965666, filed 



Sep 1993, now patented, Pat. No 
continuation-in-part of Ser. No 
on 21 Oct 1992, now abandoned 
Utility 
Granted 

,Rories, Charles CP. 
Pennie & Edmonds LLP 
11 
1 

12 Drawing Figure (s) 
2414 
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AB A method of using a chimeric molecule made up of an antisense 
oligonucleotide attached to a 2 ' , 5 1 -oligoadenylate molecule to 
specifically cleave a sense strand of RNA, wherein the antisense 
oligonucleotide of the chimeric molecule is hybridized to the sense 
strand of RNA in the presence of 2 1 , 5 1 -dependent RNase. 
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AB Hepatitis viral infections are efficaciously treated with mismatched 

dsRNAs, notably rl . sub . n . r (C . sub . 11-14, U) . sub . n . 
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AB Treatment of human cells with 2 ! ,5 f oligoadenylate covalently linked to 
antisense ( 2~5A- antisense) results in the selective 
cleavage of targeted RNA species by 2-5A- 
dependent RNase L. Here we show that 2-5A- 

antisense containing stabilizing modifications at both termini are 
effective in suppressing the replication of respiratory syncytial virus 
(RSV) in human tracheal epithelial cells. The affinity of 2-5A- 
antisense for different regions in the RSV M2 and L mRNAs was 
predicted from a computer-generated model of the RNA secondary structure. 
The most potent 2 -5A- antisense molecule caused a highly 
effective, dose-dependent suppression of RSV yields when added to 
previously infected cells. In contrast, control oligonucleotides, 
including an inactive dimeric form of 2-5A linked to antisense, 
2-5A linked to a randomized sequence of nucleotides, and antisense 
molecules lacking 2-5A, had minimal effects on virus replication. The 
specificity of this approach was shown by reverse transcriptase-coupled 
PCR analysis of RSV M2, P, and N mRNA and of cellular glyceraldehyde-3- 
phosphate dehydrogenase mRNA. The RSV M2 mRNA amounts were depleted after 
treating RSV-infected cells with 2 -5A- antisense targeted to this 
mRNA, whereas the amounts of the other RNA species were unchanged. These 
studies demonstrate that 2', 5* oligoadenylate covalently linked to 
antisense ( 2- 5A- antisense) can effectively suppress RSV 
replication by directing the cellular RNase L to 
selectively degrade an essential viral mRNA. 
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AB Respiratory syncytial virus (RSV) replication was reduced by greater than 
90% after treatment of infected human tracheal epithelial cell line, 

9HTE, 

with double termini-protected 2-5A antisense chimeras. The anti-RSV 
activity of 2-5A antisense is improved by double termini protection of 



the 
the 



chimeras. Also, the effective 2-5A antisense can be designed based on 

computer-assisted anal, of sec. structure of RSV mRNA with the 
single-stranded large loop region as binding site. The specific 2-5A 
antisense functions as a very effective anti-RSV agents and have the 
potential to be developed as agents for the treatment of active RSV 
infection in humans. 
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We have synthesized a series of 2-5A chimeras in which the nature of the 
oligoadenylate-antisense linkage and the length of the 
2 1 , 5 1 -oligoadenylate were vaned. In addn., a branched linker was 
introduced to relocate the 2 1 , 5 1 -oligoadenylate with respect to the 
antisense domain. The activities of title chimeras were tested 
against RNA-dependent protein kinase mRNA in presence of human 
RNase L in cell free system. 
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The use of an antisense oligonucleotide to address a specific 
targeted RNA sequence and subsequent localized activation of the 2 
-5A- dependent RNase (RNase 

L) to effect selective RNA degradation is a new approach to the 
control of gene expression called 2 -5A- antisense . The previously 
reported biological activity of the 2-5A:AS chimeric oligonucleotide 
[p5 1 (A2 ! p) 3A-antiPKRl] , directed against nucleotides 55-73 of the coding 
sequence of the PKR mRNA, has been used as a point of reference to 
examine 

the effect of introducing mismatches into the chimeric oligonucleotide, 

altering the chain length of the antisense domain of the 

chimeras, removal of the 5 1 -monophosphate moiety, shortening the 

2 ', 5 1 -oligoadenylate domain, and substitution of 3 ',5 '-linked 

2 ' -deoxyadenosine nucleotides for the 2-5A domain. The general formula 

for 

the novel chimeric oligonucleotides is 
p5 f (A2'p) 3A2'p(CH2) 4p(CH2) 4p(5 , N3 , p 
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AB 



)mN, where N is any nucleoside and m is any integer. When the biological 
activity of these new chimeric oligonucleotides was compared to that of 
the parent chimera, 2-5A-aPKR, for their ability to effect target PKR RNA 
cleavage in a cell-free and in an intact cell assay, it was determined 
that there was a close correlation between the activity of 2-5A- 
antisense chimeras and their affinity (Tm) for a targeted nucleic 
acid. In addition, there was also a close correlation between activity of 
the 2 -5A- antisense chimeras and their ability to activate the 
2 -5A- dependent RNase L. 
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We have explored a targeted mRNA destruction method that derives from the 
covalent linkage of a 3 1 , 5 1 -antisense oligodeoxyribonucleotide 
and a 2 ' , 5 1 -oligoadenylate activator of RNase L, the 
2-5A~dependent RNase (Torrence et 

at., 1993; Lesiak et al . , 1993), a novel RNase assocd. with interferon 
(IFN) action (Johnston and Totrence, 1984) . This composite nucleic acid 
could, through the antisense domain, target the chimera to a 
particular mRNA sequence, which would then be targeted for destruction by 
the 2-5A component, which would provide a localized activation of the 
latent 2 -5A- dependent RNase. The 

2 -5A- antisense approach to specific nucleic acid cleavage has a 

no. of significant advantages when compared with other approaches to 

targeted cellular RNA degrdn. First, it relies on a nuclease activity 

that is endogenous and ubiquitous in mammalian cells but is active only 

when bound to 2-5A. Second, the substrate specificity of RNase 

L appears susceptible to modulation through changes in the 

antisense cassette of the 2 -5A- antisense chimera. 

Third, in contrast to a no. of other strategies, the DNA : RNA hybrid 
formed 

presumably would still be susceptible to attack by RNase H also. 
However, 



DNA chain modifications, such as methylphosphonate introduction, although 
eliminating RNase H-catalyzed scission as a mode of degrdn., would not be 
expected to affect 2 -5A- dependent 

RNase activation ability. The recruitment of an entirely new and 
different nuclease for the targeted destruction of RNA should greatly 
expand the range and potential of antisense therapeutics. 
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AB Novel transgenic plants expressing the human genes for a 

(2 ' . fwdarw. 5 ' ) -Oligo (A) synthetase, that produces 5 ' -phosphorylated, 
2', 5' -linked oligoadenylates (2-5A) in response to double-stranded RNA 
(dsRNA) , and a 2-5A-dependent (RNase L) , are disclosed. These plants, 
e.g. tobacco, are resistant to viral infection. When transgenic tobacco 
plants expressing these genes are exposed to three different types of 
plant viruses, i.e., tobacco mosaic virus, tobacco etch virus and alfalfa 
mosaic virus, such viral exposure leads to necrotic local lesions in such 
transgenic tobacco plants instead of typical systemic infections. 
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Nucleotide sequences capable of coding for polypeptides having RNase L 
inhibitory activity (RLI) are disclosed. Said nucleotide sequences and 
said inhibitors are useful for developing antiviral agents. CDNA for 
human RLI was cloned and sequenced. RLI gene expression was induced by 
some viruses, e.g. encephalomyocarditis virus, HIV. Interferons induced 
RNase L prodn., but not RLI prodn. RLI functions by binding to RNase L 
and preventing 2-5A binding, not by degrading 2-5A itself. The RLI gene 
was localized to chromosome 4q31. The protein sequence contained the 
motif CX2CS2CX3C found in ferredoxin. 
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Synthesis and characterization of composite nucleic acids 
containing 2', 5 ' -oligoriboadenylate linked to antisense 
DNA. 

Xiao W; Player M R; Li G; Zhang W; Lesiak K; Torrence P F 
Section on Biomedical Chemistry, National Institute of 
Diabetes, Digestive and Kidney Diseases, National 
Institutes of Health, Bethesda, MD 20892-0805, USA. 
ANTISENSE AND NUCLEIC ACID DRUG DEVELOPMENT, (1996 Winter) 
6 (4) 247-58. 
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Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
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Entered STN: 19970424 
Last Updated on STN: 19980206 
Entered Medline: 19970415 
Composite nucleic acids, known as 2-5A antisense chimeras, cause 
the 2-5A-dependent ribonuclease (RNase L) to catalyze 

the specific cleavage of RNA in cell free systems and in intact cells. 
Such 2-5A antisense chimeras are 5 1 -monophosphorylated, 
2, '5' -linked oligoadenylates covalently attached to antisense 
3 ' , 5 1 -oligodeoxyribonucleotides by means of a linker containing two 
residues of 1, 4-butanediol phosphate. Here we report a fully automated 
synthesis of 2-5A antisense chimeras on a solid support using 
phosphoramidite methodology with specific coupling time modifications and 
their subsequent purification by reverse-phase ion-pair and anion 
exchange 

HPLC. Purified 2-5A antisense chimeras were characterized by 
[ 1H] NMR and [ 3 1 P ] NMR , MALDIMS, and capillary gel electrophoresis. The 
synthetic 2', 5' -linked oligoadenylate showed no phosphodiester 
isomerization to 3 ',5' during or after synthesis. In addition, we have 
developed facile methodologies to characterize the chimeras using 
digestion with various hydrolytic enzymes including snake venom 
phosphodiesterase I and nuclease PI. Finally, Maxam-Gilbert chemical 
sequencing protocols have been developed to confirm the entire sequence 
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Department of Cancer Biology, Cleveland Clinic Foundation, 
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15071-5. 
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Journal; Article; (JOURNAL ARTICLE) 
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2-5A antisense (2-5A-AS) molecules are chimeric oligonucleotides 
that cause 2 -5A- dependent RNase ( 

KNase L) to catalyze the selective cleavage of RNA in 

human cells. These composite nucleic acids consist of a 

5 ' -monophosphorylated, 2', 5' -linked oligoadenylate known as 2-5A (an 

activator of RNase L) covalently attached to 

antisense 3 1 , 5 1 -oligodeoxyribonucleotides . Here, we characterize 

the targeted cleavage of the double-stranded RNA-dependent protein kinase 

(PKR) mRNA by purified, recombinant human RNase L. A 

2-5A-AS chimera, which contains complementary sequence to PKR mRNA, and 
unmodified 2-5A, which causes general RNA decay, were about 20- and 
40-fold more active, respectively, than 2-5A-AS chimeras in which the DNA 
domains are not complementary to sequences in PKR mRNA. Directed cleavage 
was efficient because each 2-5A-AS chimera targeted many RNA molecules. 
Moreover, RNase L caused the catalytic cleavage of the 

RNA target (kcat of approximately 7 s-1) . The precise sites of PKR mRNA 
cleavage caused by 2-5A-AS were mapped, using a primer extension assay, 

phosphodiester bonds adjacent to the 3 1 terminus of the chimera binding 
site (5' on the RNA target) as well as within the chimera's 
oligonucleotide binding site itself. The selectivity of this approach is 
shown to be provided by the antisense arm of the chimera, which 
places the RNA target in close proximity to the RNase. 
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2-5A-antisense : A novel approach to cancer therapy 
Waller, Cornelius F . ; Maitra, Ratan K . ; Maran, 
Avudaiappan; Kumar, Aseem; Dong, Beihua; Xiao, Wei; 
Li, Guiying; Williams, Bryan R. G.; Torrence, Paul 

Silverman, Robert H. 

Department Cancer Biology, Cleveland Clinic 
Foundation, Cleveland, OH, USA 

Biol. Renal Cell Carcinoma, [Proc. Symp.], 3rd 
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AB A review, with 



60 



Meeting Date 1994, 133-48. 
Ronald M. ; Finke, James H. 
New York, N. Y. 
CODEN: 62GUAA 
Conference; General Review 
English 

refs. To improve the efficiency and potency of 



antisense RNA, a novel type of antisense RNA chimera 
with 2 -5A- dependent RNase was 

prepd. to degrade mRNA targets. This is a novel approach of mRNA 1 s for 

disease-causing proteins. The antisense part of the 2-5A- 

antisense chimeras converts a nonspecific RNase into a highly 

specific RNase capable of cleaving individual mRNA targets in cells. In 

addn., the 2 -5A- antisense chimeras provide an addnl . mechanism 

of antisense action and greatly increase the efficiency and 

potency of antisense RNA. The advantages of this technol. are 

the versatility, selectivity, and efficiency with which RNA targets are 

cleaved. Target mRNA 1 s in human cancers will be a focus for future 

efforts aimed at adapting this technol. to human diseases. 



L5 ANSWER 67 OF 74 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 



INVENTOR (S) : 

PATENT ASSIGNEE (S) 
USA; 



SOURCE: 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



CAPLUS COPYRIGHT 2002 ACS 
1994:527047 CAPLUS 
121:127047 

Method of cleaving specific strands of RNA with 
chimeric 2 1 , 5 ' -oligoadenylate-antisense 
oligonucleotide conjugate and pharmaceutical 
compositions containing the chimeras 
Torrence, Paul; Silverman, Robert; Maitra, Ratan; 
Lesiak, Krystyna 

United States Dept. of Health and Human Services, 

Cleveland Clinic Research Institute 
PCT Int. Appl . , 86 pp. 
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Patent 
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EP 1994-901178 19931020 



FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, 



JP 1993-510391 19931020 
INFO.: US 1992-965666 A 19921021 

US 1993-123449 A 19930917 
WO 1993-US10103 W 19931020 
AB A method of using a chimeric mol. made up of an antisense oligonucleotide 
attached to a 2 f f 5 ' -oligoadenylate mol. to specifically cleave a sense 
strand of RNA, wherein the antisense oligonucleotide of the chimeric mol. 
is hybridized to the sense strand of RNA in the presence of 
2 5 ' -dependent RNase is described. The described chimera may be used to 
treat various diseases (no data), e.g., cancer, or those caused by viral 
infection. The method was demonstrated in vivo using 2-5A linked to an 
18-mer antisense oligonucleotide targetted to PKR protein mRNA. Addn. of 
this chimeric mol. to HeLa cells specifically destroyed PKR protein mRNA. 
The cells did not have to be treated in any special way in order to get 
the chimeras into the cells. 5 ' -Thiophosphorylation or addn. of an 
alkylamine moiety to the 3 f hydroxyl of the antisense oligonucleotide 
provided analogs of the chimeric mol. which were equally active. 
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Blockage of NF- . kappa. B signaling by selective 
ablation of an mRNA target by 2-5A antisense chimeras 
Maran, Avudaiappan; Maitra, Ratan K. ; Kumar, Aseem; 
Dong, Beihua; Xiao f Wei; Li, Guiying; Williams, Bryan 
R. G. ; Torrence, Paul F . ; Silverman, Robert H. 
Dep. Cancer Biol., Cleveland Clinic Foundation, 
Cleveland, OH, 44192, USA 

Science (Washington, D. C.) (1994), 265(5173), 789-92 
CODEN: SCIEAS; ISSN: 0036-8075 
Journal 
English 

Activation of 2 -5A- dependent RNase 

by 5 1 -phosphorylated, 2 ',5* -linked oligoadenylates, known as 2-5A, is one 
pathway of interferon action. Unaided uptake into HeLa cells of 2-5A 
linked to an antisense oligonucleotide resulted in the selective 
ablation of mRNA for the double-stranded RNA (dsRNA) -dependent protein 
kinase PKR. Similarly, purified, recombinant human 2-5A 
-dependent RNase was induced to selectively cleave PKR 

mRNA. Cells depleted of PKR activity were unresponsive to activation of 
nuclear factor- . kappa . B (NF- . kappa . B) by the dsRNA poly ( I ) : poly (C) , which 
provides direct evidence that PKR is a transducer for the dsRNA signaling 
of NF-. kappa. B. 
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Development of 2 1 , 5 1 -oligonucleotides as potential 
therapeutic agents 

Torrence, P . F . ; Xiao, W.; Li, G. ; Khamnei, S. 
Laboratory of Medicinal Chemistry, National Institute 
of Diabetes and Digestive and Kidney Diseases, 
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Journal; General Review 
English 

A review with 142 refs. The unique 2 ' , 5 1 -phosphodiester bond-linked 
oligonucleotide known as 2-5A (pn5 ' A2 ' (p5 ' A2 ' ) mp5 1 A) plays a key role in 
mediation of the anti-encephalomyocarditis virus action of interferon. 
2-5A acts as a potent inhibitor of translation through the activation of 
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constituent latent endonuclease, the 2-5A- 

dependent RNase, which degrades RNAs . This 2-5A system, 

as part of a natural defense mechanism against virus infection, provides 

paradigm for a new approach to the regulation of gene expression. 
Realization of this potential requires an understanding of the 2-5A 
oligoribonucleotide-assocd. structural parameters which govern its 
lifetime in biol. systems and its interaction with the 2- 
5A-dependent RNase responsible for RNA 

destruction. In this review, we describe the partial realization of such 

an understanding and the resulting development of a new approach to the 

specific and targeted cleavage of RNA by directing 2-5A 

-dependent RNase action to a precise target with an 

antisense DNA. The synthesis and mechanism of action of these 

novel composite nucleic acids permits exploration of the potent RNA 

destruction ability of the 2-5A-dependent 

RNase coupled with the specificity of antisense 

oligonucleotides as potential therapeutic agents for a variety of 
diseases . 
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ACS Symp. Ser. (1994), 580 (Carbohydrate Modifications 
in Antisense Research) , 118-32 
CODEN: AC SMC 8 ; ISSN: 0097-6156 
Journal; General Review 
English 

A review with 96 refs. The unique 2 T , 5 ' -phosphodiester bond-linked 
oligonucleotide known as 2-5A (pn5 ' A2 1 (p5 1 A2 ' ) mp5 ' A) plays a key role in 
mediation of the anti-encephalomyocarditis virus action of interferon. 
2-5A acts as a potent inhibitor of translation through the activation of 
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constituent latent endonuclease, the 2-5A- 

dependent RNase, which degrades RNAs . Covalent linkage 

of the tetrameric p 5 ' A2 1 p 5 1 A2 ' p 5 T A to an antisense 

deoxyribonucleotide provided an adduct which was unimpaired in activation 
of the 2 -5A- dependent RNase and 

which annealed to the complementary sense DNA to give a hybrid complex 

with a melting temp, similar to the unmodified DNA antisense 

/sense duplex. Such 2 -5A- antisense chimeras targeted to a 

modified HIV mRNA or to the dsRNA-dependent protein kinase (PKR) mRNA 

induced specific cleavage in their targets without affecting non-targeted 

mRNA species. The unaided uptake of 2 -5A- antisense against the 

PKR mRNA in HeLa cells resulted in ablation of the PKR mRNA, with no 

effect on .beta.-actin mRNA. These findings demonstrate that 2-5A- 

antisense chimeras are effective and versatile reagents for the 

catalytic destruction of targeted RNA. 
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AB A method for cleaving a specific sequence of RNA using a chimeric mol . 
comprised of an ti sense oligonucleotides and activators for 
RNase L, e.g. a 2 ' , 5 ' -oligonucleotide, is described. 
The site of cleavage can be directed by the antisense 
oligonucleotides. An oligo-dT 18-mer as an antisense component 
linked with the tetrameric 2 ' , 5 ' -phosphodiester-linked oligoadenylate 
p 5 1 A2 1 p 5 1 A2 T p 5 ' A2 1 p 5 ' A was prepd. to demonstrate the site-specific 
interaction of the tetramer with RNase L. The 

tetramer-dependent cleavage of the RNA transcribed from the vif cDNA of 
human immunodeficiency virus-1 (HIV-1) with the RNase of the Daudi cell 
ext. was also demonstrated. The method can be used for medicament, e.g., 
to treat diseases assocd. with the prodn. of a viral protein. 
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AB Antisense oligonucleotides hold considerable promise both as 

research tools for inhibiting gene expression and as agents for the 
treatment of a myriad of human diseases. However, targeted destruction of 
RNA has been difficult to achieve in a versatile, efficient, and reliable 
manner. We have developed an effective strategy for cleaving unique RNA 
sequences with 2 -5A- dependent RNase 

, an endoribonuclease that mediates inhibitory effects of interferon on 
virus infection and is activated by 5 1 -phosphorylated 2 1 -5 '-linked 
oligoadenylates known as 2-5A [pn5 1 A2 ' (p5 ' A2')mp5 , A], resulting in the 
cleavage of single-stranded RNA predominantly after UpUp and UpAp 
sequences. To direct 2 -5A- dependent 

RNase to cleave unique RNA sequences, p5' A2 1 p5 1 A2 , p5 , A was 

covalently linked to an antisense oligonucleotide to yield a 

chimeric molecule (2-5A:AS) . The antisense oligonucleotide 

component of 2-5A:AS bound a specific RNA sequence while the accompanying 

2-5A component activated 2 -5A- dependent 

RNase, thereby causing the cleavage of the RNA in the targeted 
sequence. This strategy was demonstrated by inducing specific cleavage 
within a modified human immunodeficiency virus type 1 vif mRNA in a 
cell-free system from human lymphoblastoid cells. Because 2- 
5A-dependent RNase is present in most 

mammalian cells, the control of gene expression based on this 

technology — including therapies for cancer, viral infections, and certain 

genetic diseases — can be envisioned. 
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We have synthesized a novel biocon jugate which joins an antisense 
oligonucleotide to a unique and potent inhibitor of 

translation, pn5 *A2 1 (p5 f A2 ' )mp5 'A(2-5A) . Two residues of 4-hydroxybutyl 
phosphate were employed as linkers to attach the 2 1 , 5 ' -oligoadenylate 
- moiety through its 2 1 -terminus to the 5 '-terminus of the chosen 
antisense sequence, (dT)20. The syntheses were carried on a solid 
support according to the phosphite triester method of DNA synthesis 
(Letsinger, R.L., Lunsford, W.B. (1976) J. Am. Chem. Soc. 98, 3655-3661; 
Beaucage, S.L., and Caruthers, M.H. (1981) Tetrahedron Lett. 22, 
1859-1862) . The generated 2-5A antisense chimeras retained both 
the ability of the 2-5A molecule to activate the 2-5A- 
dependent RNase as well as the ability of the oligo(dT) 

moiety to hybridize to the complementary poly (A) . Moreover, the chimera, 
when annealed to its target nucleic acid sequence, was still effectively 
bound to the 2-5A-dependent nuclease. The methodology described 
represents 

a new approach to the selective modulation of mRNA expression. 
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